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HYDRAULIC DATA FOR CULVERTS
(D) CULVERT ENTRANCE LOSSES

STRUCTURE AND ENTRANCE TYPE COEFFICIENT k
Pipe, Concrete
Projecting from fill, socket end (groove-end) 0.2
Projecting from fill, square cut end 0.5
Headwall or headwall and wingwalls
Socket end of pipe (groove-end) 0.2
Square-edge 0.5
Rounded (radius = 1/12D) 0.2
Metered to conform to fill slope y 0.7
End-Section conforming to fill slope” 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side-or slope-tapered inlet 0.2
Pipe, or Pipe-Arch, Corrugated Metal
Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls square-edge ) 0.5
Metered to conform to fill slope, paved or unpaved slope 0.7
End-Section conforming to fill slope” 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side-or slope-tapered inlet . 0.2

Box, Reinforced Concrete _ :
Headwall parallel to embankment (no wingwalis)'

Square-edged on 3 edges 0.5
Rounded on 3 edges‘to radius of 1/12 barrel
dimension, or beveled edges on 3 sides 0.2
Wingwalls at 30° to 75° to barrel ,
Square-edged at crown ' . 0.4
Crown edge rounded -to radius of 1/12 barrel
dimension, or beveled top edge ) 0.2
Wingwall at 10° to 25° to barrel
.Square-edged at crown ' 0.5
Wingwalls parallel (extension of sides)
Square-edged at crown . 0.7
Side-or slope-tapered inlet 0.2 !
*Note: - "End-section conforming to fill slope," made of either metal or concrete, are the

sections commonly available from manufacturers. From limited hydraulic tests
they are equivalent in operation to a headwall in both inlet and gutlet control.

Some end sections, incorporating a closed taper in their design have a superior
- hydraulic performance.

City of
SPRINGDALE
Arkansas

Table 4.1




Table 4.2

Culvert Discharge—Velocity Limitations

Maximum Allowable

Downstream Condition Discharge Velocity (FPS)

Earth 6 FPS
Sodded Earth 8 FPS
Paved or Riprap Apron 15 FPs
Shale 10 FPS ’ﬂ‘
Rock - 15 FPS
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INLET CONTROL
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SPRINGDALE HIGHWAY CULVERTS -
Arkansas HYDRAULIC DESIGN SERIES NO. 5 Figure 4.1
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SHORT STILLING BASINS FOR
GANAL STRUCTURES,SMALL OUTLET
WORKS AND SMALL SPILLWAYS
{BASIN 111)

Jump and bosin iength reduced aboul 60
percen! with chute blocks, boffle piers,
ond solid end sill, *

For use on small spillwoys, cutlet works,
smoll conol siructures where V, does nol
exceed S0-60 feet per second ond Froude
number is obove 4.5,
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STILLING BASIN FOR PIPE ON
OPEN CHANNEL OUTLET
{(BASIN ¥T)

For use on pipe or open chonnel outlets
Sues ond dischorges from toble v
should no! exceed 30fee! per second No
toilwater requared. Froude number usuolly 15
fo 7 but not importont

Moy substitute for Basm 1V

Energy loss greoter thon i comporable mp, figure 44
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BAFFLED APRON FOR CANAL OR
SPILLWAY DROPS
(BASIN IX)

e

For vse in flow wOYs where woter 15 to be
lowered from one level fo onother . The
baffle piers prevent undue accelerction of
the flow os 1t posses down the chute,
Since the flow velocities entering the
downstreom chonnel are relotively low, no
stilling basin 13 required The chule moy be
designad o discherge up to 80 cubic feef per
second per foo! of width, and the drop moy be
os high o3 structurally feasible.

=T TOTH OF ETL
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VELOCITY - FT. PER SEC.

SCALE OF FEET - NOAMAL TO CHUTE
.

L)

'a

[ L T a0 "
DISCHARGE IN CFS PER POOT OF WIDTH = q

BAFFLE PIER MEIGHTS
AND ALLOWABLE VELOCITIES

SIMPLIFIED
DESIGN PROGEDURE

The baffled apron should be designed for the
moxrmum expected discharge @, up to
eoc fs. per foot of width .

Entrance velocity v, should be as low os
proctical or vi=

See Figures 103,105,107 ond 109 for somple appronch
peols.

Boffle pier height u, should be obout 0.80,
100 90, Curve B obave:

Boffie pror endths ord spoces should be oqual,
up % Y4 H, but not lgss thea .

The slope distarce between rows of baffle
prers should be 2H, twice the boffie haight
H.See fext for meresse in row specingon flat chutes

Four rows of baffle piers ore raquired to
estoblish full controt of the fiow, olthough
fewer rows hove operoted successfully At
1825% ont row of boffies should be buried
in the packfin

The cnute training wolls should be 1hree
fimes os lgh 33 the boffie piers.

Riprap consisting of G-10 12-wnch stenes
should be ploced ot the downstreom ends
of troming wolls to pravant eddres from
undermining the walls.
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CHUTE BLOCK 5 R A FE F e .ff:'q |
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207 v

(1) Wp = BASINWIDTH UPSTREAM
(2) »BLOCKS AT 3/ vq 4

I VARIES
gzl

o

CUT-OFF WALL

Q) 240wy, < AGGHEGA‘I;E BLOCKWIDTH < 0.55Wgoy

6) aBLOCKS AT 3/4 v, -‘T“—:
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Source: "Hydraulic Deslgn of Ener, y Dissipator for
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Type 1
Culvert Flowing Part Ifull
With Outlet Control and Tailwater Depth
Below Critical Depth

.

HW =120

HW, —_—— — —

Ty s Sz

|8 PP A RS A VR P B A e e TR Sy TRy S R PRy k- Ky | I

Se <S¢ ° CONTROL

Condilions
The entranceis unsubmerged (HW < 1.2D), the slopeat
design discharge ia sub-crilical (S, < S and the
Lailwaler is below crilical depth (TW < d,).

The above condilion is a common occurrence where the natural channels arc on flat grades and
have wide, (lat flood pleina. The control is critical depth al the outlet.

 In culverl design, it is gencrally considered that the headwater pool maintaine o constant level
during the design storm. If this level does nol submerge the culvert inlet, the culvert flows part
- full, '

part full with outletl control will require a depth of flow in Lhe barrel of the culvert greater than
crilical depth while passing through critlical deplh at the oullet,

The capacityof a culvert flowing part full with outlet control and tailwater depth below critical
depth shall be governed by the following equation when the approach velocily is considered zero.

Vc' .
T + h, + hp- 5L

If criticnl flow occurs at the outlel the culvert is said Lo have “Outlet Control.” A culvert flowing "-3

HW -~ d; +

HW = Headwalerdepth obovetheinvertof theupalream end of the culvertin

feel. Headwaler must be equal Lo or less than 1.2D or entrance is aub-
merged and Type 4 operalion will result. :

H]
de = Critical depth of flow in feet = E
D

= Diameler of pipe or height of box.
q = Digcharge in cfa por fool.

V., = Criiical velocily in feet per socond occusring al critical depth,
hi = Entrance head loss in leet. ,
ve
hc = K-c 2
i€, = Entrance loas coefficient

hy = Friction head loss in feet = SL.

Friction slope or slope that will produce uniform flow. For I'ype 1
operation the friction slope ias based upon 1.1 d,

Sg = Slope of culvert in feel per fool.

L = Length of eulvert in fcol.
Source: City of Austin, TX (\
City of ;
SPRA'“NESESA'—E TYPES OF CULVERT FLOW

Figure 4.



Typcl]fI
Culvert Flowing Part Full

With Outlet Cqutrol And Tailwater Depth
Above Critical Depth

HW S1.2D

L] 1
Hw - | i T e SR —— d
d
RS : ™

TW 2%
et <0
S A T ;mmwmwmp.mzmwﬂmkf?ﬁﬂ !
So TS, conTROL
‘Conditions

Theentranceis unsubmerged (HW < 1.2D), the slope at
design discharge is suberitical (S, < S.), and the

tailwaler iz aboye critical depth (TW > d.)

The above condition iy 1

HW - Tw .

Ny o+ ke - §,L

BW = Hecudwaler depth ;:lbuvn theinvertof o upatrenm end ofthe culvertin
fect. Hendwater depth muat e equal Lo or lcss than 1.2D orentronceiu
submerged and Type IV operation will result,

TW = Tailwaterdepth above the inverLof the downslream end of the culvert
: in feet, '

Vow * Culvert discharge velocily in feet per second st tailwater depth,
he = Entrance head loss in feet. ’

v 1
W
i Yo = Ko ( 2% )
Ke = Entrance loss coefficient
ht = Priction head loss in feet = S¢L

St = Friclion slope or slope that will praduce uniform flow. For Type IT
operation the friction slope is baged upon TW depth,

So = Slope culvert in fect per fool.
L = Length of culvert in feeL,

| D Source: City of Austin, TX
City of . -
SPRINGDALE ' - TYPES OF CULVERT FLOW |
Arkansas : Figure «




Type III
Culvert Flowing Part Full With Inlet Control

HW=L2D

Conditions

The cntrance is unsubmerged (HW < 1.2D) and the
slope at design discharge is cqual to or greater than
critical (Supercritical) (Sg = Se).

This condilion is n.common occurrence for culverts in rolling or mountainous country where the
flow does nol submerge the enlrance. The control is critical depth at the entrance.

If crilical flow occurs near the inlet, the culvert is said to have “Inlet Control”. The maximum
discharge through a culvert flowing part full occurs when flow is at critical depth for & given
cnergy head. To assure that flow passcs through critical depth near the inlet, the culvert must be
laid on a slope equal to or greater than crilical slope for the design discharge. Placing culverts

which are to flow part full on slopes greater than critical alope will increase the outlet velocities
butl will nol increase the dischar

ge. Thedischarge is limiled by the section near theinletat which
critical Mlow occurs. o

The capacity of a culvert flowing parl full with control at the inlet shall be roverned by the
following cqualion when the approach velocily is considered zero.

. v‘l vll
d: + -z—‘- + Ke—z—'—

HW o

HW = Hcadwaterdepth above Lhe invert of the upstream end ofthe culvertin

fect. Headwaleor depth must be equal (o or less than 1.2D orentranceis
submerged and Type IV operalion will result.

de = Crilical depth of flow in feot = ', q
. 3
a = Discharge in efs per fool. Az

@

V2 = Velocily of flow in the culvert in feet per second.
The velocily of flow varies from critica] velocily at the entrance Lo
uniform velocity at the outlet provided the culvert is sufficiently long.
Thercfore, the oullet velocity is the discharge divided by Uhe area of

. flow in the r.:ulverl.
Ks = Entrance loss coefficient
Source: Clty of Austin, TX ()
City of
SPRINGDALE i TYPES OF CULVERT FLOW
Arkansas

Figure 4.



Type IV-A -
Culvert Flowing Full With Submerged Outlet

HW> (20

S

H

HW

I , . TW>D
WM‘*‘WwﬁWme T e T AT W*J‘

. %S s CONTROL

‘Conditions

(Submerged Outlet)

The entrance is submerged (HW > 1.2D). The tailwaler
completely submerges the oullet,

s flow with free outlet, but depending on topography, a tailwater pool of o depth
o aubmerge the outlet may form ut some inatallation. Generally, these will be
considered a( the outlet. For an outlet to be submerg‘cd. the depth at the outlet must be equal Lo or
greater than the diameter of pipe of height of box_ The capacily of a culvert flowing full with a

submerged outlet shall be governed by the following equation when the approach velocity is
considered zero. Qutlet Velocily is based on fu]] flow at the outlet.

Mol’. c“l\'ﬂ
Buﬂ—lc,ient

HW o« H . Tw.Ss5L

HW = Headwater dopth above the invert of the upatream end of the culvert.

Headwater depth must be greater than 12D for entrance to be
aubmerged. s

= Head for culvert flowing full,
Tailwater depth in feet,

* Slope of culvert in feet per fool.
= Length of culvert in fest.

'rnm 2 X
1]

Source: City of Austin, TX

City of
SPRINGDALE : TYPES OF CULVERT FLOW ‘
Arkansas Figure 4.1¢




Type IV-B

Culvert Flowing Full
With Partially Submerged Qutlet

C

| HW > 12D

The capaci
following

outlet velocity is

Ly of o culvert flowing full with a partially
equation when the approach velocity ia

critical depth if TW depth is less than critical dep

SES,
CONTROL

Conditions

(Partially 'Suhmerg‘ed Outlet) ,

The entrance is submerged (HW > 1.2D). The tailwater
depth is less than D (TW < D).

submerged outlet shall be governed by the
considered zero, Qutlet velocity is based on

th. If TW depth is greater than critical depth,
based on TW depth. ;

HW - H .« P-5§L

HW = Headwaler Depth above the inve

rt of the upstream end of the cuhnrt.'

Headwater depth must be greater than 1.2D for enlrance o be
submerged.
H = Head for culverts flowing full.-
: X . d. + D
P = Pregsure line height = 3
d. = Critical depth in feet.
D = Diameler or height of structure in fect.
S, = Slopo of culvert in fect per foot.
L = Length of culverl in fect.

Source: City of Austin, TX (
City of
SPRINGDALE
Arkansas

TYPES OF CULVERT FLOW
, Figure 4.1
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UNIFORM FLOW FOR BOX CULVERTS
Figure 4.12
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